ABSTRACT
INTRODUCTION
During ship's design process one of the most important tasks is a design of its propulsion system which should ensure reaching the assumed service speed by the designed ship at its as high as possible propulsion efficiency. The crucial element of ship propulsion system is a screw propeller whose efficiency is decisive of overall propulsion efficiency. Geometry of screw propeller decides on its efficiency, hence it should be optimum one in assumed design conditions, i.e. screw propeller should develop demanded thrust at an assumed ship's service speed. Apart from the optimum design, screw propeller efficiency can be improved by using various additional devices such as: nozzles, half-nozzles, or suitably profiled fins attached to underwater part of ship's hull before screw propeller [5] (sometimes they are intended for the mitigating of hull plating vibration resulting from screw propeller operation). The additional devices are aimed at the improving of distribution (direction and velocity) of water stream flowing from around the hull towards the screw propeller. The devices produce a positive effect only in strictly defined conditions. As results from practice, they are applied very rarely.
Another device which influences screw propeller operation is a streamline rudder capable of improving its efficiency. Majority of transport ships is fitted with single screw propeller and streamline rudder placed behind it. Therefore it seems purposeful to examine which way and in which conditions streamline rudder affects screw propeller operation, and how much screw propeller efficiency can be increased.
SCREW PROPELLER -STREAMLINE RUDDER SYSTEM
The screw propeller -streamline rudder system is exemplified in Fig. 1 . [8] .
(All the dimensions given in mm)
A few dozen years ago already it has been observed that a blade rudder of airfoil profile not only improves ship's manoeuvrability but also increases screw propeller efficiency and -in consequence -overall propulsion efficiency of ship [6] . Numerical analysis of influence of streamline rudder on screw propeller efficiency − part straightening the flow behind the propeller (which leads to lowering the induced circumferential velocity) − a more favourable distribution of water pressure behind the propeller and reduction of vortices flowing downstream from the propeller, mainly from its boss.
However apart from knowledge of the facts there is a lack of results of systematic investigations, e.g. model tests, and in the subject-matter literature only a general information can be found, that does not provide any basis to state which way geometrical features of streamline rudder affect screw propeller efficiency and how large increase of the efficiency would be possible. Yet the application of numerical methods of computational fluid dynamics (CFD) to modelling water flow around propeller and rudder has made it possible to assess qantitively and qualitively influence of rudder on screw propeller efficiency. Most publications in which results obtained by means of CFD methods have been presented, deal mainly with influence of screw propeller on ruddder or with investigation of flow around the hull, propeller and rudder [1, 2, 3, 4 and 7] . In this paper preliminary results of numerical investigations concerning influence of rudder on screw propeller efficiency, are presented.
SCOPE OF THE INVESTIGATIONS
Within the frame of the conducted research project a numerical analysis of flow around screw propeller was performed by using Fluent system to determine the thrust coefficient Kt and torque coeffcient Kq as well as screw propeller efficiency η o for: − a free propeller − a screw propeller accompanied with a rudder of HSVAMP73-20 profile in the position of no deflection − for a screw propeller accompanied with a rudder of HSVAMP73-20 profile in the position of 15° deflection.
The investigations were performed for the hull of a B573 ship (built by Stocznia Szczecinska), its screw propeller and streamline rudder (Fig. 1) .
As results of model tests on rudder / propeller interaction for the B 573 ship have been lacking, the obtained computational results were compared, only at the advance coefficient J = 0.70, with the values calculated on the basis of the propulsion prediction for free screw propeller [8] .
Geometrical parameters of the screw propeller of B 573 ship (Fig. 1) [9]:
Diameter D 5900 mm Pitch ratio P/D 0.739 Expanded area ratio A E /A 0 0.578 Number of blades z 4
Geometrical parameters of the rudder of B 573 ship (Fig. 1 ) [8] :
The rudder was designed on the basis of HSVAMP73-20 profile. Its contour and size are in compliance with the rudder installed on B 573 ship.
The computational model of the rudder is shown in Fig. 2 , and that of the screw propeller -in Fig. 3 .
The computation domain consisted of three co-axial cylinders (Fig. 4) . The screw propeller was placed inside the small cylinder put inside the fore large cylinder. Rear faces of both the cylinders were located in one common plane and adhered the fore face of the rear cylinder. Such arrangement makes it possible to apply the mesh for freepropeller calculations by using the sliding mesh method (the small cylinder is a rotating element and the large cylinders are motionless). For the free-propeller calculations no physical element is placed in the rear cylinder. For the calculations of propeller and rudder together in the rear cylinder is placed the rudder model either with or without deflection, respective of a modeled case. 
RESULTS OF THE NUMERICAL CALCULATIONS
In advance of the actual calculations of rudder influence on screw propeller efficiency, the following has been calculated: • Hydrodynamic characteristics of the screw propeller model, which were compared with results of experimental model tests. The propeller model geometry acc. P 355 storage propeller and results of its model tests are contained in the report [8] .
Description of the numerical calculations of the hydrodynamic characteristics and their results are presented in [10] .
• Hydrodynamic characteristics of the streamline rudder of B 573 ship, (Fig. 1) . Results of numerical calculations of the characteristics are presented in [11] .
The actual numerical calculations of screw propeller efficiency with accounting for impact of ruddder,were then performed. They were carried out for the real dimensions of the propeller and rudder installed on B 573 ship, Fig.1 .
In Fig. 5 an example pressure distribution and streamlines for both the propeller and rudder without any deflection is presented, and in Fig. 6 -for both the propeller and the rudder deflected by 15º (The complete set of pressure and velocity distributions as well as streamlines is given in [12] ). Results of the calculations of thrust, torque and efficiency of the propeller with accounting for the rudder, are presented in Tab. 1, and its hydrodynamic characteristics -in Fig. 7 In numerical calculations an applied computational model, type and size of mesh, and quality of geometrical model of analysed propeller play a very important role. The applied computational model could differ from the real propeller because of very scarce data on propeller geometry, hence to assess a degree of similarity between model and real propeller is not possible. The qualitative analysis performed by means of CFD methods demonstrated that the working screw propeller accompanied with streamline rudder located behind it, is capable of developing a greater efficiency than the free propeller without rudder.
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As a result of presently conducted investigations an impact of geometrical parameters of rudder on propeller efficiency will be determined.
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